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Description 
COLOR FILTER STRUCTURE 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a color filter structure, 

and more particularly, to a color filter structure employed 
in a liquid crystal display (LCD). 

[0003] 2. Description of the Prior Art 

[0004] A color filter structure and thin-film transistor (TFT) ele- 
ments of a prior art thin-film transistor liquid crystal dis- 
play (TFT-LCD) are respectively formed on different sub- 
strates. The TFT elements are formed in a bottom sub- 
strate, named as a TFT substrate, by multiple photo- 
etching processes (PEP), while the color filter structure is 
formed on a top substrate, named as a color filter sub- 
strate, by photo processes or halftone printing technol- 
ogy. Moreover, the method of forming the prior art LCD 
includes steps of forming a black matrix on the color filter 
substrate to prevent light interference between any two 



adjacent color filters. The purpose of the black matrix is 
to improve contrast of the LCD, prevent the TFT elements 
from generating light leakage current, and shade the 
oblique leaking light during operation of the LCD. 

[0005] Referring to Figs.l and 2, Fig.l is a top view of a color fil- 
ter substrate according to the prior art, and Fig. 2 is a 
cross-sectional diagram of the color filter substrate 
shown in Fig. 1 along the line AA". As shown in Figs.l and 
2, a color filter substrate 10 includes a predetermined re- 
gion 12 and a rim region 14 surrounding the predeter- 
mined region 12. The predetermined region 12 is posi- 
tioned at a central region of the substrate 10 to be oppo- 
site to a pixel region on a TFT substrate (not shown). The 
predetermined region 12 includes a plurality of light- 
blocking layers 16a composed of a black matrix, and a 
plurality of color filters 18, such as red color filters R, 
green color filters G, and blue color filters B, positioned 
within the black matrix. Light penetrating through these 
color filters is capable of generating the original colors of 
red, green and blue to constitute color images. 

[0006] The rim region 14 is used to spread a sealant thereon for 
adhering the color filter substrate to the TFT substrate. 
Normally, a light-blocking layer 16b is also positioned 



within tlie rim region 14 to surround the predetermined 
region 12, thus preventing light from penetrating through 
the edge of the substrate to interference with the images 
of the LCD. In addition, the color filter substrate 10 fur- 
ther includes a transparent conductive layer 20 covering 
the color filters 18. The transparent conductive layer 20 is 
used as a common electrode to provide a constant volt- 
age. Using a voltage difference between this constant 
voltage and another voltage supplied on a pixel electrode 
positioned on the TFT substrate, a gray level of each pixel 
of the LCD is capable of being controlled. 
[0007] In a prior art method of forming the color filter substrate 
10, at least four masks are used to define the patterns of 
the light-blocking layers 16a and 16b, the red color filters 
R, the green color filters G and the blue color filters B, re- 
spectively. Sometimes a fifth mask is needed to define the 
pattern of the transparent conductive layer 20, or a 
shadow mask is needed to form the transparent conduc- 
tive layer 20 and simultaneously define its pattern. In or- 
der to decrease the number of the using masks, substitute 
methods, such as improving the utility of a single mask, 
using other methods to define the patterns, or forming 
the transparent conductive layer on the entire substrate 



without any pattern definition process being performed to 
define the pattern of the transparent conductive layer, are 
developed to simplify the manufacturing processes and 
reduce the production costs. For example, a method is 
proposed to use a common mask to define the patterns of 
the red color filters R, the green color filters G, and the 
blue color filters B, thus improving the utility of the com- 
mon mask and reducing the production costs. This 
method uses less masks, however, three photolitho- 
graphic processes are still needed to define the patterns 
of the red color filters R, the green color filters G, and the 
blue color filters B, respectively. It provides no obvious 
help to simplify the manufacturing processes. 
[0008] In some cases, photosensitive resin materials are pro- 
posed to replace metal materials to form the light- 
blocking layers 16a and 16b. The patterns of the light- 
blocking layers 16a, 16b made of the photosensitive resin 
materials can be defined after the exposing and develop- 
ing processes. An etching process for defining the pat- 
terns as used in the metal materials is thus not required 
to simplify the manufacturing processes. In other cases, 
photosensitive resin materials are proposed to form the 
color filters 18. By controlling the light strength in the ex- 



posure process, a particularly pattern composed of the 
overlapped red color filters R, green color filters G, and 
blue color filters B cab be obtained. The overlapping re- 
gion between two adjacent color filters is used as a light- 
blocking layer, thus achieving the advantages of simplify- 
ing the manufacturing processes. However, either using 
the photosensitive resin materials to form the light- 
blocking layers or the color filters, a corresponding num- 
ber of masks are still needed to define the exposure posi- 
tions on the color filter substrate. It is thus limited to de- 
crease the number of the using masks. 
[0009] As mentioned above, it is an important issue for the LCD 
industry to develop a method to effectively decrease the 
number of the using masks, simplify the manufacturing 
processes and reduce the production costs. 
Summary of Invention 

[0010] It is therefore an object of the claimed invention to pro- 
vide a color filter structure employed in an LCD to solve 
the above-mentioned problems. 

[0011] According to the claimed invention, the color filter struc- 
ture includes a substrate, a light-blocking layer posi- 
tioned within a rim region on the substrate, and a plurality 
of conductive color filters positioned on the substrate ex- 



cept the rim region to form a common electrode. 
[0012] It is an advantage of the present invention that the color 
filters are made of conductive materials and can be used 
as the common electrode of the LCD. Therefore, the 
present invention does not need to form a transparent 
conductive layer on the substrate and define its pattern to 
be the common electrode of the LCD. As a result, the ad- 
vantages of decreasing the number of the using masks, 
simplifying the manufacturing processes and reducing the 
production costs can be achieved according to the present 
invention. 

[0013] These and other objects of the claimed invention will be 
apparent to those of ordinary skill in the art after reading 
the following detailed description of the preferred em- 
bodiment that is illustrated in the various figures and 
drawings. 
Brief Description of Drawings 

[0014] Fig.l is a top view of a color filter substrate according to 
the prior art; 

[0015] Fig. 2 is a cross-sectional diagram of a color filter sub- 
strate according to the prior art; 

[0016] Fig. 3 is a top view of a color filter substrate according to 
the present invention; 



[0017] pjg_ 4 is a cross-sectional diagram of a color filter sub- 
strate according to a first embodiment of the present in- 
vention; 

[0018] Fig. 5 is a cross-sectional diagram of a color filter sub- 
strate according to a second embodiment of the present 
invention; and 

[0019] Fig. 6 is a cross-sectional diagram of a color filter sub- 
strate according to a third embodiment of the present in- 
vention. 
Detailed Description 

[0020] Referring to Figs. 3 and 4, Fig. 3 is a top view of a color fil- 
ter substrate according to the present invention, and Fig. 
4 is a cross-sectional diagram of the color filter substrate 
shown in Fig. 3 along the line BB". As shown in Figs. 3 and 
4, a color filter substrate 30 includes a predetermined re- 
gion 32 and a rim region 34 surrounding the predeter- 
mined region 32. The predetermined region 32 is posi- 
tioned at a central region of the substrate 30 to be oppo- 
site to a pixel region on a TFT substrate (not shown). The 
predetermined region 32 includes a plurality of color fil- 
ters 36 made of conductive materials, such as red color 
filters R, green color filters G, and blue color filters B. 
Light penetrating through these color filters 36 is capable 



of generating the original colors of red, green and blue to 
constitute color images. In addition, any two adjacent 
color filters 36 within the predetermined region 32 are 
connected or overlapped with each other, thus forming a 
conductive layer to replace the conventional transparent 
conductive layer, such as an indium tin oxide (ITO) layer, 
to be a common electrode of an LCD. 
[0021] In a better embodiment of the present invention, each of 
the color filters 36 is capable of being added with the 
same conductive materials to have the same potential with 
the others. For example, the color filters 36 can be doped 
with conductive macromolecular compounds. Conductive 
materials having high transmittance for visible light, such 
as polyethylene dioxythiophene/polystyrene sulfonate 
(PEDT/PSS, BAYTRON P, BAYER AC) as disclosed in the US 
Patent No. 6,083,635 are suggested to dope the color fil- 
ters 36. In this case, the surface resistance of being less 
than 300Q/ 



, and the transmittance of being greater than 85% for visi- 
ble light to penetrate through a 50nm thick film can be 
achieved in the doped color filters 36. With these charac- 




teristics, the conductive color filters 36 are suitable to re- 
place the transparent conductive materials, such as ITO, 
to form the common electrode of the LCD. In addition, 
other conductive materials having minor effects to the op- 
tical characteristics of the color filters 36, such as 
nanometer particles or nanometer metal particles can also 
be added into the color filters 36 to make the color filters 
36 have electric conductivity. 
[0022] The rim region 34 is used to spread a sealant thereon for 
adhering the color filter substrate to the TFT substrate. A 
light-blocking layer 38 is positioned within the rim region 
34 to surround the predetermined region 32, thus pre- 
venting light from penetrating through the edge of the 
substrate to interfere with the images of the LCD. The 
light-blocking layer 38 is made of either conductive ma- 
terials, such as chromium or its alloy, or insulating mate- 
rials, such as photosensitive resin materials. When the 
light-blocking layer 38 is made of conductive materials, 
the color filters 36 are partially overlapped with the light- 
blocking layer 38 and use the light-blocking layer 38 to 
be an interconnection contact pad. When the light- 
blocking layer 38 is made of insulating materials, the 
color filters 36 may further include a protrusion structure 



extending to the rim region 34 and atop the light- 
blocl<ing layer 38 to be an interconnection contact pad 40, 
thus enabling a contact plug to be formed on the contact 
pad 40 to connect the common electrode 36 with other 
conductive materials. 
[0023] Referring to Fig. 5, Fig. 5 is a cross-sectional diagram of a 
color filter substrate according to a second embodiment 
of the present invention. In this embodiment, except a 
light-blocking layer 38b positioned within the rim region 
34, a plurality of light-blocking layers 38a composed of a 
black matrix are positioned within the predetermined re- 
gion 32 to prevent light interference between any two ad- 
jacent color filters 36. Each of the light-blocking layers 
38a is made of conductive materials, and either color filter 
36 adjacent to the light-blocking layer 38a is partially 
overlapped with the light-blocking layer 38a. In this case, 
the connected color filters 36 and the light-blocking lay- 
ers 38a form a conductive layer on the color filter sub- 
strate 30 to be the common electrode. As for the light- 
blocking layer 38b positioned within the rim region 34, it 
is made of either conductive materials or insulating mate- 
rials. 

[0024] Referring to Fig. 6, Fig. 6 is a cross-sectional diagram of a 



color filter substrate according to a third embodiment of 
the present invention. In this embodiment, except a light- 
blocking layer 38b positioned within the rim region 34, a 
plurality of light-blocking layers 38a composed of a black 
matrix are also positioned within the predetermined re- 
gion 32 to prevent light interference between any two ad- 
jacent color filters 36. Each of the light-blocking layers 
38a is made of insulating materials, and color filters 36 at 
either side of the light-blocking layer 38a are connected 
with each other and partially overlapped with the light- 
blocking layer 38a. In this case, the connected color filters 
36 form a conductive layer on the color filter substrate 30 
to be the common electrode. As for the light-blocking 
layer 38b positioned within the rim region 34, it is made 
of either conductive materials or insulating materials. 
[0025] In contrast to the prior art, the color filters of the present 
invention are made of conductive materials and can be 
used as the common electrode of the LCD. Therefore, the 
present invention does not need to form a transparent 
conductive layer on the substrate and define its pattern to 
be the common electrode of the LCD. As a result, the ad- 
vantages of decreasing the number of the using masks, 
simplifying the manufacturing processes and reducing the 



production costs can be achieved according to the present 
invention. 

[0026] Tliose sl<illed in tlie art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



